Background: Hepatocellular carcinoma (HCC) incidence is increasing in the United States. Hepatitis B virus (HBV) and hepatitis C virus (HCV) are major causes of HCC. Hepatitis infection in patients with HCC is generally diagnosed by serology, which is not always consistent with the presence of HBV and HCV in the liver. The relationship of liver viral status to serostatus in hepatocarcinogenesis is not fully understood.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most frequent cause of cancerrelated death in the world (1) . Approximately 80% of HCC cases occur in developing regions including sub-Saharan Africa and Southeast Asia (1) . HCC has been increasing in areas of historically lower incidence including the United States (2) (3) (4) (5) . From 1975 to 2009, the age-adjusted incidence of HCC in the United States tripled from 2.6 to 7.8 per 100,000 (3, 4, 6) . Today, HCC is one of the most rapidly increasing causes of cancer mortality in the country for both men and women (7) . Historically, hepatitis B virus (HBV), hepatitis C virus (HCV), and excessive alcohol have been the major risk factors for HCC in the United States (4, (8) (9) (10) (11) . The increasing incidence of HCC in the United States, in part, is attributed to increases in chronic HCV among individuals infected through transfusions with contaminated blood and blood products and other iatrogenic exposures as well as intravenous drug use (12, 13) . Nonetheless, up to half of HCC cases in the United States do not have a viral or alcohol etiology (4, (9) (10) (11) (14) (15) (16) (17) . There is growing recognition that the increasing prevalence of obesity and diabetes in the country may also be contributing to the increasing rates of HCC (18, 19) .
In the clinical setting, the viral status of patients with HCC is primarily based on serologic testing rather than detection in liver tissue. Serologic status, however, is not always consistent with the presence of HBV and HCV in the liver. Occult infection, defined as detection of HBV DNA in the liver tissue of individuals seronegative for HBsAg (20, 21) , has been recognized in HCC. Primary occult infection, which occurs in the absence of anti-HBc and anti-HBs, is distinct from seropositive occult HBV, which results from loss of HBsAg following self-limited acute hepatitis or after prolonged chronic viral carriage (21) . Less is known about occult HCV or the presence of HCV RNA in the liver of individuals without HCV antibodies in serum (22) (23) (24) . As with HBV, primary occult HCV is distinguished from anti-HCV (þ) occult HCV, which is characterized by the presence of residual virus in the liver following resolution of clinically apparent infection occurring spontaneously or after antiviral therapy (23) .
The clinical significance of HBV and HCV detection in liver tissue of patients with HCC in the context of serology is not fully understood. In particular, few studies have examined the role of occult HBV and occult HCV in HCC in the United States (25, 26) . The liver viral status of most patients with HCC is unknown as testing of tissue is not standard in diagnosis and treatment. Furthermore, there has been a lack of agreement on the definitions and laboratory standards for establishing occult viral infection (20, 22, 23) .
Materials and Methods
The presence of HBV and HCV in liver tissue was evaluated in a retrospective study of de-identified HCC cases of known serologic status. The study was approved by the University of Hawaii Committee on Human Studies.
HCC cases, tissue specimens, and data sources
A total of 61 HCC cases diagnosed in Hawaii in 1990-2010 were selected on the basis of the availability of both liver tissue and serologic data. HCC was defined by topographic (C22.0) and morphologic (8170-8175) codes according to the International Classification of Diseases for Oncology version 3 (27) . Formalin-fixed, paraffinembedded (FFPE) liver tissue specimens were obtained through the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End-Results (SEER) Residual Tissue Repository (RTR) of the Hawaii Tumor Registry, a de-identified collection of FFPE tissue specimens from patients with cancer diagnosed within the state of Hawaii (28) .
HCC cases were annotated with deidentified data from the Hawaii Tumor Registry and a clinical database. Data included demographic, clinical, treatment, and pathologic information as well as survival, cause of death, and serologic status. As blood specimens were not available for this retrospective study population, HBsAg, anti-HBc, and anti-HCV serologic status was derived from clinical laboratory testing conducted as part of patients' diagnoses and/or prior medical history. Data on serum antibody to hepatitis B surface antigen (anti-HBs), hepatitis B e antigen (HBeAg), and serum HBV DNA and HCV RNA were not available for most cases. The 61 HCC cases included 19 . Positive and negative controls were included in each PCR run. All samples were PCR tested for the human beta-globin gene as an internal control for sample sufficiency. PCR products were visualized on an ethidium bromide-stained 2% agarose gel. Specimens that were positive for HBV DNA were genotyped via pyrosequencing using the nested PCR amplicon and a sequencing primer (5 0 -AGT GGG CCT CAG TCC GTT TC-3 0 ; ref. 31). HCV RNA status was evaluated using isolated RNA in a RT-PCR assay targeting the highly conserved 5 0 -untranslated region of the hepatitis C genome (32) . In the first round PCR, a 142-bp region was amplified with primers (5 0 -GGCGACACTCCACCATAGATCA-3 0 and 5 0 -GGTTCCGCAGACCACTATGGC-3 0 ). This was followed by second round of amplification of an 82-bp region (5 0 -CTCCCCTGTGAGGAACTAC-3 0 and 5 0 -GGTCCTG-GAGGCTGCACA-3 0 ; ref. 33 ). Positive and negative controls were included in PCR and pyrosequencing runs. All samples were PCR tested for b-actin as an internal control for sample sufficiency. PCR amplicons were visualized on an ethidium bromide-stained 2% agarose gel. Pyrosequencing of HCV RNA-positive specimens targeted the untranslated region of the HCV genome (forward primer: 5 0 -TGCGGAACCGGTGAGTACA-3 0 and reverse primer: 5 0 -biotin-CCTTTCGCRACCCAACRCT-3 0 ) to amplify a 130-bp sequence within the 5 0 -UTR. PCR products were assayed in one-step RT-PCR to generate single-stranded DNA and evaluated with a sequencing primer (5 0 -TGC-GGAACCGGTGAGTACA-3 0 ). Pyrosequencing was conducted using a PyroMark Q24 Pyrosequencer (Qiagen Inc.). HBV genotypes and HCV genotypes were determined by comparison with known sequences available from the National Center for Biotechnology Information and other public databases (34) .
Statistical analyses
All analyses were conducted with SAS version 9.2 (SAS Institute Inc.). HBV-positive liver tissue was defined as the detection of HBV DNA, HBsAg, and/or HBcAg in liver tissue. HCV-positive liver tissue was based on the detection of HCV RNA. Demographic and clinical characteristics were compared across groups using the c 2 test. For all statistical measures, P < 0.05 was considered to be significant. Overall, liver tissue viral status was consistent with serologic status for 56% (34 of 61) of HCC cases (Table 1) , including 18 cases who were viral negative based on both tissue and serology. Thirteen cases were HBV positive based on both tissue and serology and 3 were HCV positive in both tissue and serology.
Results

Viral
Tissue viral status was discordant with serologic status in 27 of 61 (44%) HCC cases. Twenty of these discrepant cases were serologically positive and tissue negative for the corresponding virus: 4 were HBsAg (þ), 1 anti-HBc(þ), 12 anti-HCV(þ), and 1 anti-HBc(þ) anti-HCV(þ). In addition, in 2 cases serologically positive for both HBV and HCV, liver tissue was positive for HBsAg(þ) but HCV RNA was not detected.
The remaining 7 discordant cases were serologically negative but tissue positive, which is consistent with the standard definition of primary occult HBV (20, 21) and HCV infection (22) (23) (24) . Overall, HBV DNA was detected in liver tissue of 4 of 39 (10%) HBsAg seronegative cases, and HCV RNA was detected in tissue of 3 of 42 (7%) anti-HCV seronegative patients.
The 4 "occult" HBV cases, that is, HBV DNAþ tissue positive/HBV serum negative, included 1 case that was anti-HCV(þ) seropositive. HBV DNA was detected in the 
tissue of all 4 cases, HBsAg was additionally detected in 1 case, HBsAg and HBcAg in 1 case, and HCV RNA in 1 case. The 4 "occult" HBV cases were positive for genotypes A, B (2 cases), and D. The 3 "occult" HCV cases, that is, HCV tissue positive/ HCV seronegative cases, included 1 who was serum HBsAg(þ) and 1 who was serum anti-HBc(þ). In addition to HCV RNA detection in the tissue of all 3 cases, HBV DNA was additionally detected in 1 case. Notably, for 2 of these 3 cases, HCV RNA was detected in the adjacent nontumor tissue but not in tumor tissue (data not shown). The 3 "occult" HCV cases were positive for genotypes 1a and 3a; genotype could not be ascertained for 1 case.
Characteristics of HCC cases were compared by liver tissue viral status (combining tumor and non-tumor status; Table 2 ). Patients with HBV-positive liver tissue were more likely to be Asian or Pacific Islander (P ¼ 0.04) and born in Asia or the Pacific Islands (P ¼ 0.002). There were no differences by sex, age, stage, presence of cirrhosis, or treatment. Patients with HCV-positive liver tissue were more likely to be diagnosed after 1999 (P ¼ 0.03). There were no differences in demographic or clinical characteristics by HCV status.
The 4 "occult" HBV cases included 3 males and 1 female of Asian or Pacific Island ancestry. Three were U.S.-born (Hawaii) and 1 was Asian-born. Three cases had localized tumors and 1 was unstaged. Liver cirrhosis was present in 1 of the 3 "occult" HBV cases; information on cirrhosis was missing for 1 case. Survival time ranged from 12 to 71 months (mean, 33.0 AE 27.1). The 3 "occult" HCV cases were composed of 2 males and 1 female, all of Asian ancestry. Two cases had localized tumors and 1 had regional metastasis. Liver cirrhosis was present in 2 of the 3 "occult" HCV cases. All 3 cases had a survival time of less than 12 months (mean, 7.7 AE 0.58).
Discussion
In this limited sample of U.S. HCC cases, HBV and/or HCV was detected in liver tissue of fewer than half of cases, which is substantially lower than the nearly two- Table 2 . Characteristics of HCC cases by HBV and HCV liver tissue status (n ¼ 61) thirds of cases attributed to viral hepatitis based on serology. Nonetheless, viral markers were detected in liver tissue of 17% of serologically negative HCC cases. Our results provide a proxy estimate for the prevalence of occult hepatitis infection in patients with HCC. The findings imply that occult infection may account for underestimation of the role of both HBV and HCV in the increasing incidence of HCC over the past 3 decades. Notably, 3 of the 7 "occult" HCC cases had markers of both HBV and HCV infection in tissue and/or sera. This is evidence that, in particular, HBV-HCV coinfection in HCC may be underestimated as based on serology alone. The 4 primary "occult" HBV cases were characterized by the presence of HBV DNA in liver tissue in the absence of HBsAg and anti-HBc in serum, which is consistent with most definitions of occult infection (20, 21) . Moreover, HBV DNA in liver tissue was measured on the basis of PCR assays amplifying two distinct areas of the viral genome, which meets the criteria for the detection of occult infection by some standards (25, (35) (36) (37) (38) (39) (40) (41) (42) . The 3 primary "occult" HCV cases were also consistent with current definitions, which are based on the presence of HCV RNA in liver tissue in anti-HCV seronegative individuals (22) (23) (24) . However, we did not have information on serum HCV RNA, which would have afforded a more thorough assessment of HCV status (23) .
There were a number of limitations to our establishment of occult infection HCC cases. As patient blood specimens were not available, HBV and HCV serologic status was based on testing associated with patients' cancer diagnoses and/or prior medical history. Although testing was conducted at CLIA-certified clinical laboratories, this retrospective study had no information on the specific laboratory assays, nor the sensitivity and specificity of assays as patients were diagnosed at multiple medical facilities over various time periods. Moreover, we did not have information on other HBV serum markers including antiHBs, HBeAg, and HBV DNA, which collectively would have provided a more complete characterization of HBV status (20) . The PCR assays were nonquantitative such that were unable to correlate HBV and HCV viral load with occult status. Moreover, the sensitivity and specificity of the HBV X gene PCR and HCV RT-PCR assays as well as the immunohistochemical assays for surface and core HBV antigen have not been established. An exception was the nested PCR assay for the HBV polymerase gene for which the sensitivity had been previously established as approximately 1 HBV DNA copy (31) . The specificities of the PCR and immunohistochemical assays, however, were maintained by the use of positive and negative controls. In addition, housekeeping genes were included as internal controls for all PCR and RT-PCR assays.
Occult viral hepatitis infection has not been widely evaluated in U.S. HCC cases. Our results indicate that occult HBV infection may be prevalent in up to 10% of patients with HCC who have no detectable serum HBsAg. This is close to the 11% prevalence of occult HBV observed in a retrospective study using fresh frozen liver tissue of U.S. patients with HCC with chronic HCV infection (25) . Our estimates were lower than that of another retrospective study using FFPE tissue from a single U.S. institution, which observed occult HBV infection in 3 of 19 (16%) of HCC HBsAg (À) cases (26) . To our knowledge, the prevalence of occult HCV infection in patients with HCC in the United States has not been previously reported. Our findings indicate that occult HCV infection may affect 7% of HCC cases who are seronegative for HCV.
Overall, concordance of liver viral status with serology was better for HBV than for HCV. More than two-thirds of HBV seropositive cases were positive for intrahepatic HBV. In contrast, only one-fifth of HCV seropositive cases had intrahepatic HCV. HBV and HCV were detected in both tumor and adjacent non-cancerous components of liver tissue. Interestingly, HCV RNA was frequently detected in non-tumor liver tissue including cases where no virus was detected in the tumor component. Of note, our observed "occult" HCV cases included those where HCV RNA was only detected in non-tumor tissue. Our ability to detect intrahepatic HBV was enhanced by targeting both viral antigen markers and viral DNA. In contrast, the detection of HCV was limited to HCV RNA and this may have resulted in underestimation of HCVpositive liver tissue. In particular, obtaining usable RNA from FFPE specimens can pose a unique challenge. Accordingly, the prevalence of occult HCV infection may have been underestimated in the present study. Furthermore, as our assays were not quantitative, we were unable to evaluate HBV and HCV viral load in liver tissue.
"Occult" viral hepatitis cases comprised only one-fourth of HCC cases with discordant tissue serologic status. The majority of discordant cases were those with serologic indices of viral hepatitis infection with viral negative tissue. These cases likely reflect resolution of past infection. This underscores that although virally associated HCC generally develops in the context of chronic infection by these hepatotrophic viruses, continual presence of virus in liver tissue may not be required for hepatocarcinogenesis. Moreover, in some cases, viral infection may be only an initiating or "hit -and-run" event in HCC development.
There is strong evidence that the relationship of obesity with HCC risk is mediated by insulin resistance. Excess adipose tissue induces a state of systemic and hepatic insulin resistance (43) . There is evidence that the risk of obesity-associated HCC is most pronounced in HCVinfected individuals (44) . HCV infection dysregulates host lipid and glucose metabolism leading to hepatic and extrahepatic insulin resistance (45) (46) (47) (48) (49) .Thus, it is possible that HCV and obesity may be contributing to the increasing rates of HCC in the United States both as independent risk factors and acting in synergy.
Our study population, however, is not representative of HCC cases in the United States. In particular, our study likely included a greater proportion of HCC cases etiologically associated with HBV. It is well-established that U.S. Asians and Pacific Islanders, many of whom emigrate from HBV endemic regions, are disproportionately affected by HCC, particularly by HBV-related HCC as based on serology (13, 50, 51) . The state of Hawaii, with its sizeable Asian and Pacific Islander population (52) , consistently has among the highest incidence rates of HCC in the United States (3, 53) . We observed intrahepatic HBV more frequently in patients of Asian or Pacific Islander ancestry.
Occult HBV likely reflects the persistence of replicationcompetent virus with suppressed replication (21) . Viral load in occult HBV is lower than that in overt chronic HBV (40) . Nonetheless, the virus maintains the same pro-oncogenic and other transforming properties of overt HBV infection (21) . There is inconsistent evidence that occult HBV may be a risk factor for HCC development in patients chronically infected with HCV (21, 25, 41) . Little is known of the role of occult HCV infection in the development and progression of HCC. HCV can persist at low levels in the liver of patients considered to be clinically cleared of infection (23, 54) . Moreover, there is evidence that individuals with serologic clearance of HCV may progress to HCC (23, 55) . It is not known to what extent viral infection of liver tissue of patients with seronegative HCC increases the risk of HCC recurrence. Recurrent HCC with detectable HBV DNA in the liver has been reported 10 years after clearance of HBsAg (56) .
Our study results have important epidemiologic and clinical implications. Notably, our results suggest that the contribution of HBV and HCV, including coinfection, to the increasing incidence of HCC in the United States may be underestimated. Our study results imply that for some patients with HCC, serologic testing alone may result in failure to identify and treat underlying viral hepatitis, which can potentially affect disease recurrence. Specifically, testing of liver tissue for HBV and HCV may be warranted in patients with negative serology. Moreover, if liver tissue is positive for HBV or HCV, anti-viral treatment following resection may be prudent along with close monitoring of serum HBV DNA and HCV RNA levels. Testing of liver tissue for HBV may be particularly important for seronegative Asians and Pacific Islander patients with HCC. Notably, in the present study, all HCC cases with occult HBV and HCV infection were of Asian/Pacific Islander ancestry.
Our results require confirmation in larger studies of patients with HCC with liver tissue and serologic information. In particular, further research is needed to understand the clinical significance of HBV and HCV in liver tissue in the absence of serologic indices on the development, progression, and recurrence of HCC. Research is also needed on the immunology of occult viral hepatitis as this may elucidate immunologic approaches for averting viral-related HCC pathogenesis. 
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